Abstract. Most congenital transmissions of Trypanosoma cruzi are not detected. As the levels of mediators regulating the immune response might be different in the absence or in the presence of transmission, we explored the levels of tumor necrosis factor (TNF) and soluble TNF receptors TNF-R1 and -R2 in T. cruzi-infected pregnant women and the neonates. We previously found that the circulating levels of TNF were higher in non-transmitting than in transmitting pregnant women. This observation has now been extended to the spontaneous release of TNF by peripheral blood leukocytes (PBLs) that was also higher in non-transmitting than in transmitting pregnant women. As their mothers, non-infected neonates had higher circulating levels of TNF than congenitally infected children. The circulating levels of sTNF-R1 increased in non-transmitting and transmitting mothers and in infected and non-infected neonates. The circulating levels of sTNF-R2 were ∼60% higher in infected than in non-infected neonates (1,635 ± 101 and 1,027 ± 100 pg/mL, respectively) and remained higher at 1 year of age. This important increase, only observed in infected neonates, could be useful to orientate to the presence of vertical transmission of T. cruzi infection.
INTRODUCTION
In Argentina, with ∼736,000 births per year (population ‫ס‬ 37,870,000), 182 cases of congenital Trypanosoma cruzi infection, the parasite that causes Chagas disease, are annually detected. However, it is estimated that for each of them, 6-12 infected neonates are not diagnosed. 1, 2 In the non-endemic areas for T. cruzi infection, such as Buenos Aires and surrounding cities, 6-12% of women that deliver their children in public hospitals are infected with T. cruzi. Vertical transmission is detected in 1-4% of these cases, and these infections cannot be prevented with trypanocidal treatment because of the theratogenic effects of the available drugs. [3] [4] [5] [6] The early diagnosis of T. cruzi infection in the neonates is of great importance to optimize their treatment. 7 Thus, it is important to improve the diagnosis of the congenitally acquired infection. Transmission is at least related with an increased maternal parasite burden, although it is very low in both transmitting and non-transmitting chronically infected women. 8 We explored the relationship among the levels of mediators regulating the inflammatory response and the congenital transmission of T. cruzi infection. The production of tumor necrosis factor (TNF) and some of the TNF regulators, such as soluble TNF receptors (sTNF-R1 and -R2), as well as interleukin-(IL-)10, was studied in T. cruzi-infected pregnant women and their children.
In T. cruzi infections TNF might have a dual role. In the acute phase of murine infection, TNF has mainly a protective activity because it is an important stimulator, besides ␥-interferon, of the NO-mediated trypanocidal mechanism. 9, 10 However, Chagas disease is characterized by inflammatory reaction affecting host tissues, not only in heart and skeletal muscle, 11 but also in placenta, 6 and TNF might also be engaged in this host response. 12 TNF exerts its activity on interaction with two trans-membrane glycoprotein receptors: TNF-R1 (p55) and -R2 (p75). The soluble forms of both receptors, s-TNF-R1 and -R2, bind TNF with high affinity, transducing or inhibiting TNF biologic activity. At high concentrations, they inhibit TNF bioactivity by competing with the membrane receptors. At low concentrations, they could stabilize the trimeric TNF structure increasing its half-life and acting as a reservoir of TNF.
13 IL-10 is also an important regulator of TNF production and the inflammatory response. We previously found that circulating levels of IL-10 did not increase in pregnant women chronically infected with T. cruzi comparing them to women only pregnant or only infected. In addition, a decrease of the circulating levels of TNF associated to normal pregnancy also occurred in transmitting but not in non-transmitting T. cruzi-infected women. 14 Here we compared the spontaneous production of TNF, sTNF-R1, and -R2 and IL-10 by peripheral blood leukocytes (PBLs) as well as the circulating levels of mediators in transmitting and nontransmitting mothers. The increase in the levels of circulating TNF 14 was associated with the increase of the spontaneous release of TNF by PBLs of non-transmitting compared with transmitting pregnant women. Mirroring the differences in their mothers, circulating levels of TNF were higher in noninfected than in T. cruzi congenitally infected neonates. The levels of sTNF-R1 increased in mothers and neonates, whether they were infected or not. On the other hand, an important increase in the level of sTNF-R2 was observed only in infected children and, in the non-treated cases, sTNF-R2 level remained high at 1 year of age. Thus, differences in TNF and their regulators could help to find elements associated to vertical transmission of T. cruzi infection.
MATERIALS AND METHODS
Subjects. The diagnosis of T. cruzi infection in pregnant women and children was carried out in the Instituto Nacional de Parasitología "Dr. M. Fatala Chabén," the reference center for the diagnosis in Argentina. Groups of pregnant women infected or not with T. cruzi, as well as infected and noninfected women without clinically recognized pregnancy, were selected at random. All the infected women and children included were residents in the non-endemic area and did not receive a blood transfusion in the last year before the study. They received medical assistance in public hospitals located in non-endemic urban areas of Buenos Aires and surrounding cities. According to the clinical evaluation, which included an electrocardiogram and thorax x-rays, women were in the asymptomatic phase of the chronic T. cruzi infection, and none of them had been treated with trypanocidal drugs. Venous blood was withdrawn with and without anticoagulant. Sera were used for serologic assays. Plasma was kept at −70°C. The Ethical Committee of the ANLIS approved this study, and informed written consent was obtained for all participants.
Diagnosis of T. cruzi infection. The presence of specific antibodies in sera was determined by indirect hemagglutination (IHA), indirect immunofluorescence (IFA), and enzymelinked immunosorbent assays (ELISA). 15 For IHA, the samples were incubated with fixed red cells coated with T. cruzi antigens. For IFA, the samples and a fluorescein isothiocyanate (FITC)-labeled antibody anti-human IgG (Sigma, St. Louis, MO) were incubated on smears of T. cruzi epimastigotes. IHA and IFA were carried out with 2-fold serial dilutions of sera. The ELISA was carried out with a 1/200 dilution of the samples incubated in microplates precoated with T. cruzi epimastigotes antigens. The binding of specific antibodies was detected with a horseradish peroxidase (HRP)-labeled antibody anti-human IgG (Sigma). After the addition of the substrate o-phenylenediamine (OPD; Sigma), the optical density at 490 nm (OD 490 nm) was quantified in an ELISA Reader (Model 550; BIO RAD, Tokyo, Japan). Women were considered infected when at least two of the serologic tests were reactive, according to the criteria of the World Health Organization and the Argentinean guidelines. 16 The presence of T. cruzi in the blood of children was determined in 0.5-1.5 mL of heparinized blood that was centrifuged in Eppendorf tubes. The buffy coat was distributed in six slides and examined carefully by light microscopy at ×400 for at least 30 minutes. 16 The assay was carried out in the first month after birth and, when the parasite was not detected, the test was repeated at 6 and 12 months of age. The serologic assays described above were also carried out to evaluate the presence of specific antibodies. The children with positive controls were referred for treatment of T. cruzi infection.
Blood culture. Heparinized blood was diluted 1/10 in RPMI medium (Sigma) containing HEPES buffer, 50 mol/L 2-mercaptoethanol, 100 IU penicillin, and 100 g/mL streptomycin. After 24 hours of culture in a CO 2 incubator, cells were centrifuged at 400g for 5 minutes, and the cell-free supernatants were fractionated and kept at -70°C.
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Levels of TNF, sTNF-R1, sTNF-R2, and IL-10. Levels were determined by two-site ELISA assays by using commercially available kits for TNF, sTNF-R1 and IL-10 (OptEIA Kit; BD PharMingen, San Jose, CA), as well as for sTNF-R2 (R&D Systems, Minneapolis MN), according to the manufacturer's protocols. Briefly, an antibody specific for the corresponding cytokine was adsorbed to high-binding microplates (Costar Corp., Cambridge, MA). The plates were washed with 0.05% Tween 20-phosphate-buffered saline (PBS) and blocked with 1% bovine serum albumin-PBS. After the addition of 100 L of samples, the plates were incubated overnight. They were washed and incubated with a biotinylated detection antibody and avidin-HRP conjugate. The OD 490 nm obtained after the addition of OPD was measured. The OD 490 nm mean values of duplicates of the samples were interpolated in the standard curves. The Log transformation of the standard concentration versus OD 490 nm was lineal up to 500 pg/mL. The sensitivity of the assays was 4 pg/mL for IL-10 and 2 pg/mL for TNF, sTNF-R1, and sTNF-R2. Internal standards indicated that the presence of either sTNF-R1 or sTNF-R2 did not interfere with TNF determinations. In addition, the presence of TNF did not interfere with either sTNF-R1 or sTNF-R2 determinations, as previously reported.
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Statistical analysis. Differences among groups were examined either by Mann-Whitney test or by Kruskal-Wallis test and Dunn post-test for multiple comparisons, using XLStat software. Discontinuous variables were normalized by logarithmic transformation. P < 0.05 was considered significant.
RESULTS
The groups of non-infected and T. cruzi-infected women as described in Table 1 were studied. The infected children were diagnosed in the first (nine cases) or second (five cases) parasitologic control and those with undetectable parasitemia by serologic test after 10 months of age (six cases). Non-infected newborns born to T. cruzi-infected mothers had three negative parasitologic controls, as well as negative serologic tests carried out after 10 months of age. None of the children studied were premature. Their weights at birth were 3.3 ± 0.5 (range, 1.9-4.1 kg) and 3.4 ± 0.4 kg (range, 2.6-4.3 kg) for infected and non-infected babies, respectively (P > 0.05, Mann-Whitney test).
In the groups of women studied, the plasma levels of TNF were higher in non-transmitting than in transmitting T. cruziinfected women, as previously described.
14 Non-transmitting mothers also had higher levels of sTNF-R1 than the transmitting group. However, in both groups of infected pregnant women, the levels of sTNF-R1 were higher than the values in non-pregnant non-infected women ( Table 2) . The diagnosis of T. cruzi infection was carried out as detailed in Materials and Methods. The results of indirect immunohemagglutination (IHA) and indirect immunofluorescence assays (IFA) are expressed as the Log 2 of the inverse of the titer and considered reactive when Ն 5. ELISA is expressed as the optical density at 490 nm × 1,000 and considered reactive when Ն 200. The samples were obtained at the specified time of pregnancy. No significant differences were detected in the results of the serologic tests among the infected groups (Kruskal-Wallis test and Dunn post-test). Mean values ± SD are shown.
On the other hand, the circulating levels of sTNF-R2 were not affected by pregnancy or T. cruzi infection ( Table 2 ). In addition, non-significant differences were found in the circulating levels of sTNF-R2 (Figure 1 ) and IL-10 14 between transmitting and non-transmitting mothers.
The release of the same mediators by in vitro cultured PBLs is shown in Figure 1B . In T. cruzi-infected pregnant women, the spontaneous release of TNF was higher in nontransmitting than in transmitting mothers, as occurred with the circulating levels. On the other hand, we could not detect significant differences in the levels of sTNF-R1, sTNF-R2, and IL-10 released by PBLs between the two groups. The number of PBLs increased in infected pregnant women (Table 2 ). However, the number of PBLs and the percentage of monocytes that could produce the mediators evaluated 18 were similar in the transmitting and non-transmitting groups of women (monocytes: 7.6 ± 1.6% and 8.4 ± 0.8%, respectively; P > 0.05, Mann-Whitney test).
The levels of mediators were also evaluated in children born to T. cruzi-infected mothers. In the case of infected children, studies were performed before the administration of the trypanocidal treatment. In the first months of age, infected babies had, as transmitting mothers, lower levels of TNF than the non-infected babies (Figure 2) . The circulating levels of sTNF-R1 were similar in infected and non-infected babies. In the first month, however, sTNF-R1 was higher than at 6 and 12 months of age in both groups of neonates (P < 0.05, Kruskal-Wallis test). The levels of sTNF-R2 were higher in infected than in the non-infected babies and remained higher at 1 year of age. Circulating IL-10 had similar levels in both groups of neonates.
DISCUSSION
Normal pregnancy is characterized by a downregulation of both the Th1 response and the release of inflammatory mediators. 19, 20 Although the inflammatory response is required for the control of infections, experimental and clinical evidence has shown that the downregulation of the inflammatory mediators is an important component of normal pregnancy. In the absence of infections, an increased production of TNF and other inflammatory cytokines by fetal membranes seems to be the signal for term labor and delivery. 21 In response to intrauterine infections, maternal tissues, such as decidua, can produce inflammatory mediators. To avoid premature labor, the elevated production of inflammatory cytokines has to be controlled with an activation of mechanisms regulating the biologic activities of TNF. 22 Steroids, which are present in circulation at high levels throughout pregnancy, are potential candidates for regulating TNF potential. The TNF secretion by stimulated monocyte/macrophages is inhibited in vivo and in vitro by glucocorticoids. 23 In addition, pregnancy-specific glycoproteins, derived from placenta, induce the secretion of anti-inflammatory cytokines, such as IL-10. 24 In vitro, IL-10 downregulates TNF activity in three ways: by inhibiting the release of TNF, by increasing the release of sTNF-R1 and -R2, and by concomitantly reducing surface expression of both TNF receptors. 19 The increase of soluble TNF receptors is also induced by progesterone, because the deficiency in the circulating s-TNF-R1 and -R2 of women with recurrent spon- taneous abortion can be restored by progesterone treatment. 25 We previously found a downregulation of the circulating levels of TNF in transmitting, but not in non-transmitting T. cruzi-infected pregnant women. 14 The in vitro spontaneous release of TNF by PBLs was, in agreement with the circulating levels, lower in T. cruzi-transmitting than in nontransmitting women, suggesting the participation of PBLs in the release of TNF. In addition, non-infected neonates, born to T. cruzi-infected mothers, had higher levels of TNF than infected children.
To our knowledge, production of TNF by transmitting and non-transmitting T. cruzi-infected mothers and their neonates has not been compared by other groups. However, it was previously observed that the TNF production by PBLs of T. cruzi-infected non-transmitting mothers and their children were higher than in non-infected mothers and their children, with in vitro specific and non-specific stimulation. 26 The increase in the levels of TNF we found in nontransmitting infected mothers was very mild compared with the amounts observed in other parasitic infections, such as malaria and visceral Leishmaniasis, 27 ,28 but could be ascribed to the chronicity of T. cruzi infection in this asymptomatic population. However, this increase observed in nontransmitting mothers and their neonates could contribute to the control of the infection to avoid vertical transmission.
TNF is mainly produced by activated macrophages. However, endothelial cells, fibroblasts, and B and T lymphocytes are also a source of TNF. Considering the tissular localization of the main TNF producers, a focused TNF release may not be reflected in circulation. Such compartmentalized TNF increase could explain the high amounts of soluble TNF receptors we found in T. cruzi-infected mothers and children. In this regard, TNF is increased in amniotic fluid, but not in serum, in pregnant patients with infections and premature rupture of membranes. 29 TNF is required for the control of infections, but at high amounts, TNF could be deleterious for the host. The role of soluble TNF receptors as a defense mechanism against the excess of TNF has been observed in the experimental models of sepsis. 30 In uncomplicated pregnancy, the increase of soluble TNF receptors, detected in serum and amniotic fluid, as well as in urine, seems to protect the fetus against TNF. 31 We found a moderate increase in sTNF-R1 levels in transmitting and non-transmitting T. cruzi-infected mothers and their neonates, whether they were infected or not, that could provide the regulation required for TNF activity.
Strikingly, the increase in circulating sTNF-R2 observed in the infected neonates was of similar magnitude to that observed in sepsis and in the experimental administration of lipopolysaccharide (LPS) to normal subjects. In experimental sepsis, TNF can reach 400 pg/mL, and sTNF-R2 increases from basal levels of ∼800-1,000 to 1,400 pg/mL in plasma. 30 The levels of sTNF-R1 and sTNF-R2 also increase ∼50% in neonates with sepsis/pneumonia. 32 Alterations in the control of the inflammatory response could have consequences to the congenital transmission and to the children's response, even when the role of TNF and the regulation of TNF levels in vertical transmission are unclear. The sTNF-R2 increase in the infected neonates could protect the children from the inflammatory response induced by T. cruzi, but disregarding the functional role for the host, the high levels of sTNF-R2 could orientate to the presence of mother to child transmission of T. cruzi infection. Taking into account that most of the cases of congenitally transmitted T. cruzi infection are not diagnosed, 1,2 and the striking high congenital estimated prevalence for Argentina (1 infection per 400 births), these findings could be very useful for the development of markers of vertical transmission.
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